attention is paid to the surfaces of cells which will adhere to each other to form the hexagonal network and to cells which will form cell walls on their plasma membranes .
Materials and Methods
Hydrodictyon reticulatum was isolated from a pond in Nara,Japan.Cells were cultured in Waris medium (Waris,1950) 
Results
Spherical zoospores with two flagella moved actively in the narrow space between the central vacuole and the plasma membrane of the parental vegetative cells .In electron micrographs,they did not appear as smooth spheres due to distortion during the preparation procedures .Many spherical and ovoid vesicles were seen around the zoospores without cell walls (Fig .1) .Vesiculation of the plasma membrane was seen frequently,which suggests that the vesicles might have been formed from the surface of the zoospores( Fig .1,arrow;Fig.2,arrowhead) .At the beginning of the zoospore movement,these vesicles were few in number ,but they increased as the zoospores came into contact with adjacent zoospores .
The nucleus was located in the anterior part of the moving zoospores (Fig .2) .Dictyosomes, about1um in diameter,were seen close to the nucleus .The outer nuclear envelope formed small vesicles by budding and pinching off near the proximal faces of the dictyosomes (Fig .2,arrows) . Many vesicles were observed between the nuclear envelope and the proximal faces of th e dictyosomes,which may be originated from the nuclear envelope .During and after net formation of zoospores,the dictyosomes kept their position near the nucleus .Endoplasmic reticulum(ER)with ribosomes was observed throughout the cytoplasm .
Moving zoospores gradually changed their shape from spherical to polyhedral .Vesicles were also seen between the adjacent surfaces of apposed polyhedral zoospores (Fig .3,v) .It is not clear Fig.1 whether these vesicles were of the same type with the same functions as those seen around spherical zoospores at previous stages.Polyhedral zoospores retracted their flagella into the cytoplasm soon after they stopped moving,as was reported by Marchant and Pickett-Heaps(1972a).The cell wall
was not yet detected on the cell surface by electron microscopy at this stage.Fibrous substances were seen between the closely apposed surfaces of two cells (Fig.4,arrowheads) .These fibrous substances might have originated from the vesicles previously located at the same position. Fig.4 (arrows)shows the partial fusion of plasma membranes of two adjacent cells. (Fig.6) .Intercellular cytoplasmic bridges were also observed by scanning electron microscopy at the peripheries of the approaching regions of adjacent polyhedral cells (Fig.7,arrows) .
Cells originating from polyhedral zoospores became spherical about5minutes after they stopped moving.Cytoplasmic projections or bridges between two cells were not seen on the surfaces of spherical cells,probably due to a rapid decrease in the length of these structures after bridging. Small electron-dense patches of cell wall materials appeared on the cell surface about10minutes after cessation of the cell movement (Fig.8,arrows) .The appearance of these patches was the first sign of cell wall formation.At a later stage,the patches expanded in length (Fig.9,arrows) and increased in number and diameter (Fig.10) .Both surfaces of the patches were covered with fluffy substances (Fig.10,arrows) .During the expansion,the patches fused and formed a reticulum when neighboring patches came in contact with each other (Fig.10) .The area of patches continued to expand until the holes in the reticulum was closed.Cell wall formation in newly adhered net-cells was monitored with Calcofluor White M2R.When net-cells were only briefly stained and then transferred to a dye-free medium,faint patches were visible on the surfaces of the net-cells10 minutes after the cessation of movement (Fig.11 ).There were many small,randomly distributed patches of brighter fluorescence on the surfaces of the cells at40minutes after the cessation of movement (Fig.12) .The photomicrographs were printed to show the patterns of cell wall fluorescence and do not accurately reflect differences in fluorescence intensity. Fig.13shows a part of two cells which are in contact with each other through newly formed cell walls.The electron-dense cell wall layer (Fig.13,arrowhead) was widely separated from the plasma membranes.Between the plasma membrane and the cell wall layer,there were fibrous substances which may have been the remnant of the fluffy substances covering the surfaces of patches (Fig.13,arrows) .Soon thereafter,the plasma membrane produced many small vesicles by means of evagination and pinching off (Fig.14) .Similar vesicles were not seen outside of the cell wall.These vesicles differed in appearance and size from the vesicles around zoospores.These vesicles might have contributed to the thickening of the adjacent cell wall.The space between the cell wall and the plasma membrane became electron dense after the vesicle production from the plasma membrane stopped (Fig.15) .
Discussion
Before the net formation,the speed of movement of the zoospores decreased,which should have enhanced the ability of the zoospores to contact and adhere to each other.If zoospores were moving actively,connection and adhesion between them would probably be very difficult.Many vesicles were seen around zoospores.These vesicles seemed to be released continuously from the plasma membranes of zoospores.Light microscopic observation showed that mucous substances or vesicles around zoospores were in contact with the tonoplast,and that zoospores could move only within the mass of mucous substances(Data not shown here).Mucous substances which appeared as vesicles in electron micrographs thus reduced the free space within which zoospores could move.As the mucous substances increased,the movement of zoospores became slower.Thus,continuous release of vesicles from zoospores should result in the decrease of the zoospore movement.
Thread-like projections of cytoplasm appeared around the closely approaching regions of adjacent polyhedral cells soon after retraction of flagella and cessation of the movement of zoospores. These projections may attach to neighboring zoospores,and close contact between two zoospores may take place subsequently.The possibility that the vesicles excreted outside the zoospores act as an adhesive substance cannot be excluded,but the presence of the thread-like projections seems to be much more powerful morphological evidence about the initial connection between two zoospores. Stopping the movement of zoospores by retracting the flagella enables the thin projections to connect the large zoospores without breakage.Once the bridging projections are formed,the distance between two zoospores soon becomes progressively shorter.
Connection between two cells through projections occurs during fertilization or conjugation in algae.For instance,the structure of the fertilization tube in the gametes of Chlamydomonas reinhardi is known in detail:the fertilization tube extends from mating-type-plus gametes to mating-type-minus gametes,and cell fusion subsequently occurs (Friedmann et al.,1968) .In this case,a fertilization tube consisting of thread-like projections acts to catch another cell and to fuse with it.In the case of Hydrodictyon reticulatum,small projections are used not only for fertilization (Marchant and PickettHeaps,1972b )but also for the linkages between somatic cells.It is interesting that the two kinds of motile cells,the zoospores and the gametes,produce similar thread-like structures to perform two different processes,fertilization and net formation.
For the elongation of the fertilization tube,the polymerization of actin filaments has been proposed in C.reinhardi (Goodenough and Weiss,1975; Detmers and Goodenough,1980) .In H. reticulatum,tubular and filamentous structures were observed in the thread-like projections, suggesting that the polymerization of actin and/or tubulin takes place during the elongation of projections.
A unique process of cell wall formation was observed in H.reticulatum:the cell wall was not detected on the surface of zoospores,but it appeared as discontinuous patches,and developed to form a continuous sheet on the cell surface after the retraction of flagella.Cell wall formation on the plasma membranes of naked cells has been observed in detail in some kinds of algae with electron microscopy;for instance,the cell wall formation following fertilization of the eggs of Pelvetia fastigiata (Peng and Jaffe,1976) and cell wall regeneration on the plasma membranes of protoplasts of Boergesenia forbesii (Itoh et al.,1984) and Skimmia japonica (Robenek and Peveling,1977) .In these cases,cell walls are deposited with uniform thickness on the plasma membrane.In Pediastrum boryanum and P.simplex,Scenedesmus pannonicus and S.longus,which belong to the same order as H.reticulatum,the cell wall appears first as discontinuous plaques on the plasma membrane (Millington and Gawlik,1970,1975; Pickett-Heaps and Staehelin,1975) .In contrast to H. reticulatum,the plaques of Pediastrum are deposited at specific sites,namely at the corners of the hexagons in the reticulate pattern in the wall.The sites of the plaques have been thought to correspond to clusters of ribosomes on the endoplasmic reticulum underlying the plasma membrane (Gawlik and Millington,1969; Millington and Gawlik,1970,1975) .In H.reticulatum,the surface of the cell wall of vegetative cells is not ornamental.The bright patches of fluorescence on the new cell wall exhibited no orderly distribution detectable by fluorescence microscopy.Cells of Pediastrum,Scenedesmes and Hydrodictyon start cell wall formation or patch-formation,after adhesion of adjacent cells after the changes in the cell shape begin;in P.boryanum and P.simplex , The discontinuous patches are similar in appearance to scales in other algae (Moestrup and Walne,1979; Mcfadden et al.,1986) .Scales are one of the important characteristics for taxonomy; previously,Prasinophyceae was classified as belonging to Chlorophyceae,but was separated later from Chlorophyceae primarily because it had scales.However,there is a great difference between patches and scales.The former develop in size and fuse with one another to form a continuous layer, while the latter remain unchanged in size after they take specific positions in or outside the cell.
Whether the patches and the scales are homologous structures in the evolution of plants is a problem to be addressed in the future. After the completion of the cell wall layer by the fusion of patches,many small vesicles are observed between the cell wall layer and the plasma membrane in H.reticulatum.Vesicles are formed by protrusion of the plasma membrane followed by pinching off from the plasma membrane.Some substances necessary for the cell wall development are assumed to be transported to the cell wall in these vesicles.Cell wall formation in green alga has been well investigated in the cells of Micrasterias.In Micrasterias,flat vesicles produced by dictyosomes are incorporated into the plasma membrane during the secondary wall formation (Kiermayer and Dobberstein,1973; Ueda and Noguchi,1976) .Rosette complexes,which are observed in the plasma membrane and in the membrane of the flat vesicles,have been assumed to play an important role in microfibril formation in the cell wall (Giddings et al.1980; Noguchi et al.1981) .In H.reticulatum,the mechanism by which the vesicles that are produced by the plasma membrane contribute to the cell wall formation has not yet been determined.
